Models of inflation where the entropic directions have large and negative masses |m s | H can be well described by a single-field EFT with an imaginary sound speed c s . Among other features, they predict an exponential enhancement of the spectrum of scalar perturbations which however is not inherited by non-Gaussianities. In this work, I complete the calculation of the trispectrum in this EFT by considering the contributions from the contact interaction and the exchange diagram. While for most shapes the trispectrum is approximately constant, I find that for certain configurations where all the momenta collapse to a line the trispectrum is proportional to (m s /H) 5 for the contact interaction and to (m s /H) 6 for the exchange diagram, as anticipated by previous work. I also discuss the UV sensitivity of the results and argue why the EFT provides a good order of magnitude estimate. In the end, I confront the different predictions for the scalar spectrum against observations. In models where the entropic mass is proportional to a positive power of the slow-roll parameter , like in hyperinflation, the spectrum grows on small scales and becomes constrained by the overproduction of primordial black holes. Imposing such constraint jointly with the correct amplitude and spectral tilt at CMB scales excludes a large set of potentials. Only those where the spectral tilt is controlled by m s δ/H ∼ O(−0.01), where δ =˙ /( H) is the second slow-roll parameter, are likely observationally viable. Finally, the constraints on the bispectrum generically impose |c s m s |/H 10 − 20 while those on the trispectrum give a weaker bound when using the constraints on gσ 4 NL as a proxy. For hyperinflation the bispectrum bound translates into ω 11 where ω is the turning rate in field-space.
Contents
1 Introduction
In the inflationary paradigm, what protects the inflaton from large radiative corrections and a new naturalness problem? Symmetries are naturally good mass protectors and have been thoroughly explored, for example, in the case of shift symmetries [1] [2] [3] . However, the latest observational data does not seem to point in that direction, at least for the minimal scenarios [4] . Moreover, the symmetry breaking scale generating such Goldstone boson tends to be (super) Planckian thus raising concerns about large gravitational corrections (see [5] for a recent discussion). Another interesting possibility is to have a dynamical mechanism where multi-field effects counteract the rolling of the inflaton thus effectively allowing for inflation in steeper potentials. In that regard, considerable attention has been given to multi-fields models with a strongly non-geodesic motion (see [6] [7] [8] [9] [10] for a few examples). In particular, more recently it has been noted that even when the field space has a negative curvature R fs , of which hyperbolic geometries are prototypical examples [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , new slow-roll attractors in the inflationary trajectory are still possible to find. In these attractors, which have been argued to belong all to the same class [19] , the initially spectator field is typically displaced from its minima and there is a fast turning rate in field-space.
Parallelly to this discussion, it is known that for any two-field system the quadratic action for perturbations assumes a very simple form where the shift symmetric adiabatic curvature perturbation, ζ, couples derivatively to the entropic degree of freedom whose effective mass is controlled by [22] 
where V is the multi-field potential and η ⊥ = −V ,s /(Hφ) controls the bending of the trajectory in field-space. The covariant derivatives are taken with respect to the field-space metric and the subscript s denotes the entropic direction. As usual, when the entropic direction is massive it can be integrated out yielding a single-field effective field theory (EFT) with a reduced speed of sound [23] [24] [25] . However, recently it has been pointed out that even if m 2 s is large and negative, −m 2 s /H 2 1, the entropic direction can still be integrated out using its equation of motion [14] . The resulting theory, valid for wavelengths smaller than |m s |, is still a single-field EFT but with an imaginary sound speed controlled by c −2 s = 1+4η 2 ⊥ H 2 /m 2 s < 0. Remarkably, even if η 2 ⊥ 1 dominates the effective mass m s making it large and negative, the theory is still stable because on superhorizon scales the effective entropic mass is instead m 2 s + 4η 2 ⊥ H 2 > 0. The consequences though are rather non-trivial. The temporary negative mass causes an exponential growth of ζ for modes in the window H k/a |m s |, similarly to what happens in the context of axial couplings to gauge fields during inflation [26] [27] [28] [29] .
Non-Gaussianities are another feature of the models described by such EFT. Interestingly, they do not inherit the exponential growth but instead a polynomial dependence on m s /H. This has been shown for the 3-point function [30] and also for higher-order correlators [31, 32] . Namely, while for most shapes the non-Gaussian parameters are constant in the m s H limit, for certain shapes approaching the collapsing limit, where all momenta in the correlator collapse to a line (see fig. 1 ), the time integrals become dominated by the UV cutoff with a leading power-law dependence of α 3 in the bispectrum, and α 6 in the trispectrum where α ≡ −|c s m s | 2 /H 2 [30, 32] . The peak on flattened shapes and its UV sensitivity are typical of theories with excited initial states [33, 34] . It shows that to find a precise result for such shapes one necessarily needs to consider the full multi-field system. However, as I will discuss later on, if the theory quickly approaches that of approximately massless and weakly coupled scalar fields for scales above the cutoff, the UV contribution will be strongly suppressed thus validating the order of magnitude estimation within the EFT.
In this work, I will complete the trispectrum computation by evaluating the contributions from the contact interaction and the exchange diagram (see fig. 2 ). So far only one term of the exchange diagram has been computed [32] . I find results consistent with what has been found in the literature, i.e., that the exchange diagram is the dominant contribution to the trispectrum and that it peaks on shapes where all the momenta are collinear. Afterwards, I will collect the different predictions of these models for the spectrum of scalar perturbations: amplitude, spectral tilt and non-Gaussianity; and confront them against observations. In some cases, I will make quantitative assessments on the observational viability of the theory while in other the model dependence only allows for qualitative statements.
The paper is organized as follows. In sec. 2 I give the basic ingredients of the EFT with imaginary sound speed. In sec. 3 I look at the non-Gaussianities, first, by revisiting the bispectrum in sec. 3.1 and then by evaluating the trispectrum in sec. 3.2. In sec. 4 I use observations to place constraints on the models. Auxiliary and intermediate expressions are presented in the appendix. Namely, app. A briefly discusses 2 rapid-turn attractor models, app. B presents the interaction Hamiltonians and sec. C a few expressions related to the trispectrum including the results for the equilateral shape.
Basics of the model
The models under discussion are those where the entropic direction 1 has an effective mass m 2 s which is large and negative, −m 2 s /H 2 ≡ α 2 /|c s | 2 1. In such cases, one can use the singlefield EFT with imaginary sound speed to compute non-Gaussianities [30] . In this section, I review the basic features of the EFT and set the notation for the following sections.
To see why the EFT is a good description let me consider a model with 2 fields φ 1 , φ 2 described by the Lagrangian
is the field-space metric and V (φ 1 , φ 2 ) the potential energy. Both G ab and V are chosen such that the background is in slow-roll, either the standard slow-roll attractor or a different one. Remarkably, at the level of perturbations, the Lagrangian at quadratic order is generically given by [22] 
where ζ is the adiabatic curvature perturbation,φ = (G abφ aφb ) 1/2 is the background velocity in the adiabatic direction and σ the entropic field, i.e. the perturbation orthogonal to the background trajectory. The Lagrangian in eq. (2.2) is characterized by 3 parameters: the slow-roll parameter = −Ḣ 2 /H 2 , the effective entropic mass m s defined in eq. (1.1) and η ⊥ . As usual, when |m 2 s | H 2 one can integrate out σ and define an EFT for modes below the cutoff k/a |m s |. Namely, for those modes, the equation of motion for σ reads
Substituting this equality in eq. (2.2) then yields the single-field EFT [13, 30] 
where c −2 s = 1 + 4η 2 ⊥ H 2 /m 2 s is the effective speed of sound. If m 2 s + 4η 2 ⊥ H 2 > 0 the entropic direction decays on superhorizon scales thus ensuring the stability of the system. However, the effective speed of sound becomes imaginary, c 2 s < 0, leading to an exponential growth in the time interval H |c s |k/a |m s |. This can be seen more explicitly by solving the equation of motion for ζ in the constant c 2 s approximation which yields 2 [30] 
where f and g are real functions given by 6) and x, β, ρ, ψ are real parameters that need to be computed in the full theory which I assume to be approximately scale-invariant. On super horizon scales, for ρe −2x 1 the power spectrum is basically determined by the first term in eq. (2.5)
By imposing the Wronskian condition on the solution in eq. (2.5) one further finds the relation [30] β 2 ρ sin(θ) = π 2 P ζ,0 (2.8)
where P ζ,0 = H 2 /(8π 2 |c s |M 2 p ) is the power spectrum in standard single-field inflation. Fortunately, the leading contributions to non-Gaussianities in the large x limit are proportional to powers of β 2 ρ sin(θ). Therefore, the results will only depend only on α and |c s |. In light of that, and without loss of generality, I fix ρ = 1, ψ = π/2 and use instead
with P ζ = P ζ,0 e 2x /2. The parameter x cannot be computed within the EFT. However, if all fields become approximately massless and weakly coupled on scales smaller than the cutoff |c s |k/a |m s |, one expects to recover plane wave solutions at those scales and so to have x ∼ α. Nevertheless, the precise relation between x, α and c s will depend on the model. For example, in the case of rapid-turn attractors (see app. A), where the turning rate in field-space is ω and the entropic mass is m 2 s (ξ − 1)ω 2 H 2 , numerical and analytical studies have shown that x (2 − √ 3 + ξ)πω/2 and |c s | = (1 − ξ)/(3 + ξ) for ξ < 1 [12, 31] . In particular, for hyperinflation c 2 s = ξ = −1 [11] . Before proceeding to the computation of non-Gaussianities it is useful to introduce the variable R defined as
which allows to directly extract the relevant quantities from the mode functions and from the interaction Hamiltonian. In particular note that on superhorizon scales
3 Non-Gaussianities
The shape and size of non-Gaussianities are intrinsic characteristics of a given inflationary model. Interestingly, in the context of the EFT described in the previous section it has been shown that the non-Gaussian parameters have a polynomial, rather than exponential, dependence on m s in the |m s | H limit, or equivalently, when x, α 1 3 [30] [31] [32] . Moreover, they peak in shapes where all the momenta collapse to a line (see fig. 1 ). This characteristic, typical of theories with excited initial states [33, 34] , is easy to understand by looking at the time integrals in the in-in formalism. More concretely, the n-point function is given by [35, 36] 
where H I is the interaction Hamiltonian. As the dynamic is effectively described by a singlefield model of inflation, the interactions will be the same as those derived in the context of the EFT of single-field inflation [23] . After inserting the UV cutoff of the EFT, the time integrals become of the form
where Γ[n, x] is the incomplete Gamma function, n > −1 and p > 0 is a function of the different momenta. The integrand peaks at y max = n/p. Therefore, there are basically two distinct classes of shapes:
• (near)-collapsed shapes where p n/α: UV sensitive;
• other shapes: UV and IR finite.
The UV sensitivity is not necessarily dramatic. If the theory behaves approximately as a weakly coupled system of massless fields for scales above the cutoff, k/a > |m s |, as it is likely the case (see eq. (2.2)), the mode functions will quickly be well described by rapidly oscillating plane waves. The oscillatory behavior will then strongly suppress the contribution of the UV to the integrals. Therefore, the results here presented for those shapes can still be trusted at the order of magnitude level. The fact that the non-Gaussianity peaks at that collapsed shapes is insensitive to this discussion. In the next sections, I will compute the non-Gaussianities for a generic shape and then particularize the results for the equilateral (k i = k) and flattened (k 1 = k 2 + k 3 for the bispectrum and k 1 = k 2 + k 3 + k 4 for the trispectrum) configurations as representative shapes of those two classes.
Bispectrum
I start by reviewing the bispectrum computation [30, 32] . In Fourier space the 3-point function can generically be written as
is the bispectrum and I have defined the shape function S (k 1 , k 2 , k 3 ) for later convenience. For n = 3, the first term in eq. (3.1) is
where H I,3 is the interaction Hamiltonian of cubic order given in eq. (B.1). The fact that only the imaginary part contributes is crucial to tame the exponential growth of non-Gaussianities [31, 37] . A similar thing happens in the 4-point function. I am interested in the late time limit, τ → 0. Then, after Fourier transforming the fields using eq. (B.3), performing the Wick contractions, changing variable to R using eq. (2.10) and using eqs. (B.4) and (2.11) the 3-point function becomes
The factor of 3 in the last term comes from the 3 different options to chose the imaginary part of the external legs and the minus sign from the complex conjugation. The prime in the correlator denotes that the momentum conserving delta function was suppressed. Now I can evaluate the integrals using the mode functions in eq. (2.5). The EFT is only valid for modes below the cutoff. Therefore, the time integrals are cutted off at −k max τ UV |c s | = α where k max is the largest momentum in the correlator 4 . The results below agree with those found in [30] and show that bispectrum peaks in flattened shapes and is proportional to α 3 .
Terms in ζ 3
As mentioned before, the imaginary part ensures that the result is proportional to e 4x thus making the 3-point function proportional to P 2 ζ in the x 1 limit. In terms of y = −k 1 |c s |τ , the terms in ζ 3 in eq. (3.6) simplify to
where I have used eqs. (B.5) and (2.5). After evaluating the integrals and using eq. (3.2) the shape function in eq. (3.4) becomes
where p = (−k 1 + k 2 + k 3 )/k 1 and p t = (k 1 + k 2 + k 3 )/k 1 . As anticipated in the beginning of the section, there are essentially two distinct classes of shapes. For the dominant shapes, near the flattened limit αp 1 (c.f. fig. 1 ), it gives
Note that the 2 permutations did not contribute to leading order in α. For example, for
For the remaining shapes the result converges in the α 1 limit yielding
In particular, in the equilateral limit
Regarding the terms in ζ (∂ζ) 2 in eq. (3.6), after using eq. (2.5), I get that
The shape function is in this case given by
For near-flattened shapes, pα 1, in the large-α limit it simplifies to
In such configuration k 1 · k 2 = −k 1 k 2 and k 2 · k 3 = k 2 k 3 which implies that
For other shapes, it gives instead 
Trispectrum
The next step is to compute the contribution to the trispectrum from the two diagrams in fig. 2 . The results will share many similarities with the bispectrum calculation: they peak in shapes where all the momenta are (anti-)collinear, which in the case of the exchange diagram does not correspond solely to the k 1 → k 2 + k 3 + k 4 limit, and the remaining shapes are UV and IR convergent in the α 1 limit. Moreover, I find that the contribution from the leading flattened shapes scale as α 6 for the exchange diagram, in agreement with [32] , and so dominates over the contact interaction where they scale as α 5 . This can be easily understood from the time integrals in the in-in formalism which in the flattened limit read 
where H I,4 is the interaction Hamiltonian of quartic order given in eq. (B.8). In Fourier space the 4-point function is generically given by
The goal now is to calculate T from the different contributions.
Quartic interaction
We start by computing ζ 4 (τ ) c,1 , the contact interaction. Using eqs. (B.3) and (2.10) the correlator becomes
Just like in the bispectrum, the imaginary part is crucial to tame exponential growth of non-Gaussianities. Now I perform the Wick contractions and separate the integrand in two terms depending on whether I take the real or imaginary part of the external legs. After using eqs.
(2.11), (3.20) and inserting the interaction Hamiltonian in eq. (B.9) the trispectrum becomes
where
In the last step, I inserted the mode functions in eq. (2.5), changed the time variable to y = −k 1 τ |c s | and inserted the EFT cutoff in the time integral assuming k 1 to be the largest momenta.
Terms in ζ 4 : Using eqs. (3.2) and (2.9) the integral in eq. (3.23) simplifies to
The 3 permutations are similar, up to the appropriate redefinition of q. However, they do not contribute to the flattened limit, q 1/α, to leading order in α which reads
and for k 1 /3 = k 2 = k 3 = k 4 = k yields the trispectrum
The remaining shapes are UV and IR convergent in the α 1 limit and given by
In particular, for equilateral shapes
Terms in ζ 2 (∂ζ) 2 : Following steps similar to those of above, I 2 in eq. (3.24) evaluates to
In the flattened limit, q 1/α, the leading terms are
When q → 0 all momenta are collinear apart from k 1 which is anti-collinear. Therefore, for α 1 the trispectrum is given by
For other shapes, in the α 1 limit, I get instead
Terms in (∂ζ) 4 : Finally I look at I 3 in eq. (3.25). After inserting the mode functions in eq. (2.5) it reads
The expression in terms of the function F defined in eq. (3.2) is long and not very informative so I give it in eq. (C.1). In the near-flattened limit, and for α 1, it gives (3.36) and yields the trispectrum
For other shapes I get instead the result in eq. (C.2). To sum up, the contributions to the trispectrum from the contact interaction peak in the flattened shape, proportionally to α 5 , while other shapes are α-independent in the large-α limit.
Cubic interaction
Finally, I pass to the main contribution to the trispectrum, the term ζ 4 (τ ) c,2 in eq. (3.19) corresponding to the exchange diagram in fig. 2 . I start by expanding the integrand into
Then, after changing from ζ to R using eq. (2.10) and inserting the cubic Hamiltonian in eq. (B.4) the 4-point function is given, in Fourier space, by
EachH I,3 contains two distinct terms so there are 4 different combinations. I define the functions K i associated with each of those terms as
where P 3 ζ /2 was factored out for convenience. The trispectrum in eq. (3.20) is then related to K i by
The function K 1 is associated with two insertions ofH 3,2 , defined in eq. (B.4), and it is given by
where k 12 = k 1 + k 2 . Some of the pre-factors are shared by the several K i so I explain here their origin. The factor 3 × 3 × 4 comes from permutations within the first vertex times permutations within the second vertex and permutations 1 ↔ 2, 3 ↔ 4 in the external legs 5 . The two factors of 2 come from picking one of the imaginary parts and to compensate the factor of 1/2 which I factored out in eq. (3.40). The K 2 term is associated with one insertion of each vertex,H 3,1 andH 3,2 , and is given by
K 3 is similar to K 2 but with the vertices in the opposite order Finally, K 4 is associated with two insertions ofH 3,1 and given by
Similarly to the previous sections, the time integrals are of the form dτ 1 τ n 1 e (k 1 +k 2 −k 12 )τ 1 dτ 2 τ m 2 e (k 3 +k 4 −k 12 )τ 2 (3.46) and become UV dominated when the exponent becomes smaller than 1/α. However, this time such shapes are not only those in the flattened limit, k 4 → k 1 + k 2 + k 3 , but also other collapsed shapes where all momenta are still (anti-)collinear. Nevertheless, as all such shapes give similar results I will again choose the flattened limit as representative.
In the previous sections, I have assumed k 1 to be the largest momenta and introduce the UV cutoff in the variable y = −k 1 τ |c s |. For convenience, I assume in this subsection k 4 to be the largest momenta and define instead z = −k 4 τ |c s |.
Terms in K 1 : Let me start by the terms in K 1 which are the most symmetric. After inserting the mode functions in eqs. (2.5) and (2.9) I get in the large x limit − 2 e −(p 1 z 2 +p 2 z 1 ) + 5 perm.
where p 1 ≡ (k 1 + k 2 + k 12 )/k 4 and p 2 ≡ (k 3 + k 4 + k 12 )/k 4 . The leading shapes are those such that p 1 , p 2 → 0 simultaneously. As mentioned above, such shapes correspond to limits where the quadrilateral formed by the 4 momenta collapses. I look at the shape k 1 = k 2 = k 3 = k 4 /3 = k as representative. In that case, k 12 = 2k ( fig. 1 ) and in large-α limit it gives
where the last factor of three comes from the fact that only the permutations of the external legs where R 4 is in the innermost commutator contribute to the leading order in α. Plugging the factors in eq. (3.41) the trispectrum becomes
This result is 3 times larger than the result obtained in [32] . In fig. 3 I show that the large-α expression is indeed a good approximation for the full result.
For the equilateral shape, k 1 = k 2 = k 3 = k 4 = k, the result converges yielding 
In terms of T the equilateral shape yields (k 1 z 2 + k 4 ) (k 4 − k 2 z 2 ) + 2 perm. + 5 perm. , (3.53) In the flattened configuration, k 1 = k 2 = k 3 = k 4 /3, I again find that only the terms where R k 4 is in the innermost commutator grow as α 6 . Among the 9 remaining permutations there are 2 distinct scalar products in K 2 : k 1 · (−k 12 ) = −2k 2 + 5 perm. , k 1 · k 2 = k 2 + 2 perm. In the case of K 3 there are 3 distinct cases: The large-α approximation is again accurate and yields the trispectrum
(3.57)
In the equilateral limit, k 1 = k 2 = k 3 = k 4 = k, among the 18 permutations 12 involve scalar products of k i · (−k ij ) while the other 6 involve terms of the form k i · k j . Nevertheless, because of momentum conservation, there are only 3 different angles. Therefore, the terms in k i · (−k ij ) repeat 4 times while the ones on k i · k j repeat twice. The final expressions in the large-α limit are not very illuminating so I present them in eqs. 
After summing the different contributions, the trispectrum in the flattened limit reads In the equilateral case, k 1 = k 2 = k 3 = k 4 , there are 12 different combinations corresponding to:
cos(θ 12 )(1 + cos(θ 12 )) 4(k 1 · k 2 )(k 3 · k 12 ) = −4k 4 cos(θ 12 )(1 + cos(θ 12 )) 8(k 1 · (−k 12 ))(k 3 · k 12 ) = 8k 4 (1 + cos(θ 12 ))(1 + cos(θ 12 )) + 2 perm.
I give the full expression for the trispectrum in the equilateral shape, T equi 4 , in eq. (C.8) and plot it in fig. 6 . The behavior is qualitatively similar to that of T equi 1,2,3 . To summarize, all contributions of the exchange diagram to the trispectrum peak on certain collapsed shapes, the leading ones proportionally to α 6 , while other configurations give an α-independent contribution in the large-α limit.
Observational constraints
After having collected and derived a few predictions for the spectrum of scalar perturbations, I can now use the latest observational data to constraint the models described by the EFT with imaginary sound speed, i.e. models where the entropic directions have a large and negative effective mass.
The parameter x, appearing in the mode functions in eq. (2.5), controls the amplitude and tilt of the power spectrum, while α controls the EFT cutoff and the size of the non-Gaussianities. Although these two parameters are related they might not be equal as it is clear from the case of rapid-turn attractors where x = απ( 1 + |c s | 2 +1)/(2|c s |) (see app. A). Therefore, constraints on the power spectrum only restrict x while non-Gaussian constraints only affect α.
Power spectrum and spectral index
The amplitude and tilt of the scalar power spectrum at CMB scales are measured to be P obs ζ = 2.2 × 10 −9 , n obs s = 0.965 [4] . On small scales, the spectrum is further constrained by the overproduction of primordial black holes (PBH) [38] P ζ P PBH ζ ∼ 10 −3 − 10 −2 .
(4.1)
In the EFT described in sec. 2 the scalar power spectrum for x 1 is approximately given by eqs. (2.7) and (2.8) [11, 14] . If the k-dependence of ρ and θ is much milder than that of e 2x , as it tends to be the case, then the spectral tilt is essentially controlled by x, namely,
where δ ≡˙ /( H). The PBH constraint is quite constraining if x is proportional to some positive power of the first slow-roll parameter, x = x f n . In that case, x grows in time and exponentially enhances P ζ on small scales. Using the fact that 1 at the end of inflation, and assuming that ρ, θ do not vary much during inflation, eq. (4.1) then implies that
Moreover, in such cases the spectral index is given, for x 1, by
This requirement jointly with eq. (4.3) strongly constraints the background dynamics. For example, in the case of hyperinflation [11] where n = 1/2, eq. More generally, if x ∝ n then from eqs. (4.3) and (4.4) models such that at CMB scales:
1. −xδ (e.g. polynomial potentials) are excluded as they lead to a blue scalar spectrum.
2.
0.02 2nxδ (e.g. exponential potentials) are generically outside the region of validity, x 1, unless n 1, because x 8.5 × 0.02 n .
3.
1, nxδ O(−0.01) (e.g. hilltop-like potentials) are still viable. In this case, by fine-tuning the initial conditions it is possible to satisfy all the constraints.
Non-Gaussianities
In this section, I translate the observational constraints on the bispectrum and trispectrum into constraints on α. The constraints apply to all models described by the EFT in sec. 2. How those constraints affect the parameters of the UV model will then vary in each case. In the end I particularize to the case rapid-turn attractors described in app. A [11, 19] . Note that the results for the bi and trispectrum in the collapsed limits should only be trusted at the order of magnitude level because of their UV sensitivity, as discussed in the beginning of sec. 3.
Bispectrum
I start by the bispectrum where a detailed study has been performed in [30, 32] . Here I review those results and make a direct comparison with the observational constraints to get a constraint α.
The bispectrum constraints are given in terms of
is the Newtonian potential. Two characteristic templates are the equilateral and orthogonal respectively given by
When confronting the predictions with the observational data, optimally, one should construct a template dedicated to the scenario under scrutinity. However, as it was shown in [30, 39] the orthogonal template is strongly correlated with the bispectrum generated in this model for large α. Therefore, I can use the observational constraint f orth NL = −38 ± 24 (68 % CL) [40] to place constraints on α. More concretely, using eqs. (3.4), (3.10) and (3.16 ) and the fact that in the flattened limit B orth For rapid-turn models, where α 2 = 4|c s | 2 /(1 + |c s | 2 )ω 2 and ω is the turning rate in field space defined in eq. (A.1), it implies that
which, in the particular case of hyperinflation (A −1/3, |c 2 s | = 1) [17, 32] , imposes ω 11.
Trispectrum
In sec. 3.2 I derived the contributions to the trispectrum from the contact interaction and the exchange diagram in fig. 2 . I derived the general expressions and then focused on two particular shapes: the equilateral, k 1 = k 2 = k 3 = k 4 = k, and the flattened, k 1 = k 2 = k 3 = k 4 /3 = k. In this section, I focus on the flattened as it the representative of the leading contributions, and derive consequent constraints on α.
From the contact term eqs. (3.28), (3.33) and (3.37) give the trispectrum The current observational constraints are given in terms of parameters associated with local and contact interactions. At 68% CL they read 6 [40] g local NL = (−5.8 ± 6.5) × 10 4 , gσ 
where K = i k i and the prime in the correlator denotes that the delta function was suppressed 7 . Unfortunately, these templates are not optimized for contributions from exchanged diagrams which tend to be subdominant, contrarily to what happens in the models studied here. In light of that, I will first constraint α using the contribution to the trispectrum from the contact interaction in eq. (4.13 [40] . 7 Note that I use a different Fourier convention and so the correlator differs by a factor of (2π) 3 compared to the notation in [40] . 8 Using instead the constraint on g (∂σ) 4 NL gives similar results.
Conclusion
In this work, I studied inflationary models described by a single-field EFT with an imaginary speed of sound [14] . Such EFT arises when the effective entropic mass(es), m s , are large and negative. Models where the field-space metric is hyperbolic and a large turning rate in fieldspace counterbalances the instability are among the interesting examples [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Slow-roll inflation is then still possible, even in steeper potentials, albeit in a different attractor. The spectrum of scalar perturbations also has interesting new features. Its amplitude is enhanced by ∼ e 2x where x is closely related to m s /H [14, 30] . Interestingly, non-Gaussian parameters only have a polynomial dependence on m s /H [30] [31] [32] . In sec. 3 I extended the discussion of non-Gaussianities in these models. First, I reviewed the bispectrum calculation in sec. 3.1. Then, in sec. 3.2 I completed the trispectrum calculation by computing contributions from both the contact interaction and the exchange diagram in fig. 2 . So far only one term had been computed [32] . I found that for most shapes the bi and trispectrum are constant in the limit α = |c s m s |/H 1. However, for some configurations where all momenta collapse to a line (e.g. the flattened shapes in fig. 1 ) the time integrals become dominated by the UV cutoff and proportional to α 3 in the bispectrum (eqs. (3.10), (3.16) ). In the trispectrum, the dominant contribution, proportional to α 6 (eq. (4.14)), comes from the exchange diagram while the contact interaction gives a contribution proportional to α 5 (eq. (4.13)), as anticipated in [32] . When overlapping, the results found in this work agree quantitatively and qualitatively with the literature. Only the contribution to the trispectrum in eq. (3.49) differs a factor of 3 from the result found in [32] . The UV sensitivity for the flattened shapes is typical of theories with excited initial states [33, 34] and implies that a precise calculation of non-Gaussianities is only achievable in the full multi-field system. Nevertheless, as I argued in sec. 3, if the fields quickly approach the massless and weakly coupled limit for scales above the cutoff, which is typically the case, they will be described by plane waves whose rapid oscillations exponentially suppress the contribution above the cutoff. Therefore, the results for the flattened shapes within the EFT still provide good order of magnitude estimates.
Finally, in sec. 4 I confronted the different predictions for the spectrum of scalar perturbations against observations. I pointed out that if x is proportional to some positive power of the slow-roll parameter , as in the case of the rapid-turn attractors like hyperinflation [11] or sidetracked inflation [14] , the spectrum grows exponentially on small scales and so might overproduce primordial black holes. This provides a strong constraint for scenarios where the spectral index is controlled by . For example, for hyperinflation, the combination of a red spectral tilt at CMB scales with the PBH constraint excludes exponential and polynomial-like potentials.
I then used the observational constraints on non-Gaussianities [40] to constrain the EFT parameter α. For the bispectrum, I used the constraint on f ortho NL whose template has been shown to strongly correlate with the bispectrum in this model [30, 42] . I found in eq. (4.11) the constraint on α and in eq. (4.12) I translated it in terms of the parameter ω which controls the turning-rate in field space in rapid-turn attractors. For hyperinflation, I found that ω 11 which strongly constraints the model. Regarding the trispectrum, I used the constraints on the parameters gσ [40] to constraint the contribution generated from the contact interaction, eq. (4.19), and from the exchange diagram, eq. (4.20). For the exchange diagram, which is the dominant contribution for large α, a dedicated analysis is required as none of the associated templates is expected to be a good fit. Still, I used the same constraints as a proxy. In both cases, I found that the constraints on α from the trispectrum are weaker than that coming from the bispectrum. However, a dedicated analysis is required to make more definite statements.
To conclude, I derived different constraints on the models described by the EFT with imaginary sound speed. Generically, I found that although constrained these models are still observationally viable if the parameter controlling the effective mass is roughly in the window α 10 − 20. Furthermore, if the parameter x is proportional to a positive power of the only viable models are likely those where the spectral tilt is controlled by 2ẋ/H O(−0.01), like in hill-top potentials.
A Rapid-turn attractors
A negatively curved field-space metric can potentially destabilize the inflationary trajectory [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . This instability can, however, be counterbalanced by a large angular velocity in fieldspace thus allowing for inflation in a new attractor solution. Recently, it has been argued that all such models follow the same rapid-turn attractor where the turning rate in field-space is characterized by [19] ω = ||D t (φ a /φ)||/H .
(A.1)
The superscript a runs over the N -dimensional field-space,φ = ||φ a || and D t is a covariant time derivative in the field-space metric. The large turning rate effectively generates a large and negative mass, m 2 s = (ξ − 1)ω 2 H 2 , for the entropic direction. This direction can then be integrated out leading to the single-field EFT described in sec. 2 with [31] x (2 − 3 + ξ)πω/2 , |c s | = (1 − ξ)/(3 + ξ) , (A.2)
where ξ < 1. Below I briefly present two examples of such attractors with hyperbolic geometries: hyperinflation [11] and sidetracked inflation [14] .
• Hyperinflation: It is described by the Lagrangian [11]
The new attractor solution is characterized bẏ
with slow parameters given in the large ω limit by 
